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INTRODUCTION
The first case of congenital absence of the portal vein was found during an autopsy on a girl aged 1 yr and 10 mo by John Abernethy in 1793 [1] . With a gradual understanding of the disease and development of vascular ultrasound, abdominal computed tomography (CT), nuclear magnetic resonance, abdominal vascular ultrasound, more clinical cases have been published [2] . It has been reported that a patient with Abernethy deformation can be diagnosed as early as the prenatal stage. The oldest age at diagnosis has been 64 yr. Approximately 80% of patients are diagnosed in childhood. Clinical manifestations of Abernethy deformation are primarily associated with hepatic vascular shunt. Liver transplantation is the only treatment that can reverse Abernethy deformation symptoms. However, there is still no unified regimen for the selection of the surgical procedure. There are a few reports on liver transplant as a treatment for Abernethy deformation. This article is the first reported case of Abernethy deformation treated with orthotopic liver transplantation in China and is the second reported case of congenital extrahepatic portosystemic shunt combined with focal nodular hyperplasia and hepatopulmonary syndrome treated with liver transplantation.
CASE PRESENTATION
Chief complaints and history of illness
A 14-year-old girl had pain in the left epigastrium for more than 10 d, with no tarry stool, hematemesis, or coma history. She normally liked squatting, and her activity tolerance was low. She was normally developed without positive signs.
Laboratory examinations
The results of laboratory examinations were as follows: routine blood examination: red blood cell 4.64 × 10 9 /L, white blood cell 4.83 × 10 9 /L, blood platelet 218 × 10 9 /L; blood biochemistry: alanine aminotransferase 36.9 μ/L, aspartate aminotransferase 30.6 μ/L, serum albumin 41.9 g/L, total bilirubin 21.7 μmol/L, direct bilirubin 8.0 μmol/L, PT 12.8 s, international normalized ratio 1.13. Blood ammonia 22.4 μmol/L, lactic acid 3.28 mmol/L. No abnormality was observed in arterial blood gas parameters at resting state.
Imaging examinations
CT suggested congenital extrahepatic portacaval diversion (Type Ib Abernethy deformation). The superior mesenteric vein and splenic vein joined to form a short extra-hepatic portal vein that drained into a postcava with left hepatic vein, associated with double pulmonary congestion and pulmonary arterial hypertension. There were multiple space-occupying lesions in the liver, and the size of the relatively large tumor was approximately 50 mm. To exclude malignant tumor transformation, positron emission tomography-CT examination was performed ( Figure 1 and Figure 2 ). The results indicated nodules and mass imaging with multiple increased glycometabolism in the liver parenchyma and increased 11C-choline metabolism in some lesions. Multiple focal nodular hyperplasia combined with partial malignant transformation was highly possible. Echocardiography suggested the mean pressure of pulmonary artery at 36 mmHg and light pulmonary arterial hypertension. Pulmonary function examination indicated severe diffusion impairment. 
FINAL DIAGNOSIS
(1) Type 1b Abernethy deformation; (2) Focal nodular hyperplasia; and (3) Hepatopulmonary disease.
TREATMENT
Liver transplantation from donation after cardiac death of the donor liver was performed. The patient recovered well after being given anti-infective therapy, baliximab immune induction, and FK-506 + mycophenolate mofetil antirejection therapy postoperatively.
OUTCOME AND FOLLOW-UP
After discharge, the patient was followed up for 20 mo. Reexamination results showed normal liver function, with no abnormalities observed during the pulmonary respiratory function examination.
DISCUSSION
Congenital extrahepatic portosystemic shunt, also known as Abernethy deformation, is a rare malformation in congenital extrahepatic portosystemic shunt caused by dysplasia in the portal vein system. It is characterized by congenital abnormal vascular anastomosis between the portal vein and vena cava. Blood flow in the portal vein does not or only partially drains into the liver, mostly via the lateral branch of the extrahepatic portal vein.
Based on the characteristics of abnormal vascular anastomosis between the portal vein and vena cava, the congenital portal-systemic shunt can be divided into two types. Type I: complete loss of portal vein perfusion in the liver or type II: partial portal vein blood flow draining to the liver. Type I is further divided into type Ia and type Ib. Type Ia: separate drainage of the superior mesenteric vein and splenic vein; type Ib: superior mesenteric vein and splenic vein join and drain into the inferior vena cava [3] . Congenital portal vein absence belongs to type I Abernethy deformation. The occurrence may be related to abnormal development of the ovarian vein and azygos vein during embryogenesis. Type I deformation mostly occurs in females. The most common abnormality is the communication between the superior mesenteric vein and infrahepatic vena cava or left renal vein, often associated with congenital malformation of other organs (such as heart malformation, biliary atresia, and polysplenia), hepatic nodular hyperplasia, and tumors. Generally, type II is the deformation of the portal vein alone, which often occurs in men. Venous blood in the gastrointestinal tract shunts into the vena cava via abnormal side-to-side anastomosis.
The clinical manifestations of congenital hydrodynamic shunt patients are primarily related to liver vascular shunt. The main manifestations include hepatic encephalopathy, pulmonary arterial hypertension, and hepatopulmonary syndrome. Some patients may also have with spontaneous hypoglycemia, followed by normal manifestations of liver function damage, such as hyperammonemia, jaundice, weakness, and right upper quadrant pain.
The patient in this study had clinical hepatopulmonary characteristics: liver disease, right-left shunt caused by hypoxia and pulmonary vasodilation, and pulmonary arterial hypertension. It could be related to the influence of portalsystemic shunt on the metabolism of hepatic vasoactive substances [4] . Cirrhosis combined with portal-systemic shunt is the most common hepatopulmonary pathogenesis [5] . Patients with Abernethy deformation often have no obvious or delayed portal hypertension, due to abnormal blood flow between the portal vein and vena cava [6] . Young patients often develop hyperammonemia, and most older patients show hepatic encephalopathy, which may be related to increased sensitivity to blood ammonia and other toxicants and portal-systemic shunt in the aging brain. Patients with 60% portal-systemic shunt or above have a high possibility of developing hepatic encephalopathy [7, 8] . In this case, the patient had normal blood ammonia without symptoms of hepatic encephalopathy. A few patients may have hepatic spaceoccupying lesions, such as liver focal nodular hyperplasia, hepatic adenoma, and liver cancer [9, 10] . It may be related to nutrient substance transfer in the liver and increased blood flow in the hepatic artery, leading to changes in liver function and regeneration function.
Because all patients have the possibility of malignant transformation, we should regularly follow up with serology and imaging, whether combined with spaceoccupying liver or hyperplastic lesion. Some patients may display deformations in other sites, such as heart, vessel, biliary tract, pancreas, and intestinal tract [4] . Treatment for Abernethy deformation, typing and symptom complications are related to the accompanying diseases. For type I Abernethy deformation patients, given the development into hepatic nodular regeneration, hepatic benign tumor, or the possibility of malignant transformation, liver transplantation has been considered a good treatment. Transplantation not only hinders the development of hepatic pathological changes, but also rebuilds a normal portal vein system, with recovery to a normal anatomical structure [11, 12] . Liver transplantation is also considered an ideal therapeutic method for Abernethy deformation combined with hepatopulmonary defects [13, 14] . Liver transplantation is the only treatment that can reverse Abernethy deformation symptoms.
However, the selection of surgical procedure is still controversial [7, 8, 10] . Residual donor liver cannot be guaranteed to meet the requirements of a normal body. More importantly, the characteristics of hepatic focal nodule of Abernethy deformation are not clear, and the possibility of malignant transformation of lesions or recurrence after transplantation is very high. Thus, assisted partial orthotopic liver transplantation is not a recommended surgical procedure [8, 15] . Therefore, we chose orthotopic liver transplantation from a corpse donor. The patient has recovered well without appearance of hepatic encephalopathy symptoms or regenerative nodules in the transplanted liver.
with focal nodular hyperplasia and hepatopulmonary syndrome.
